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INTRODUCTION. 

ON TEACHING EUCLID. 

This little book has been written specially for my 
own classes and parts of it have been in use for 
several years. 

In teaching Euclid the first aim should be to get 
the Definitions, Postulates, Axioms, and Proposi- 
tions 1 to 12 in Book I. known thoroughly by 
every boy in the class. Then the Rider Papers in 
Part I. of this book may be given to be answered. 
They will be found quite easy enough for boys to 
answer at home, and if one paper is set each week, 
Part I. will be sufficient for half a term. My own 
plan has been to look over each boy's answers and 
mark them; on the next day to return them to 
the boys and go through on the blackboard such 
Riders as have not been answered by the majority 
of the boys in the class, I have usually found 
fifteen minutes ample time for this work. 

In writing and arranging these Papers I have 
« 7 



8 RIDER PAPERS. 

constantly kept in view the difficulties that ex- 
perience shows me all students feel more or lees 
in solving Riders. The first of these difficulties is 
the inability to draw a proper figure. In the first 
part of these Papers I have therefore asked for 
different figures to be drawn ; and in all these cases 
I mean drawn without Proof. Every student should 
also draw a figure of each Proposition in Euclid, 
and it is a good plan to draw these figures in an 
exercise book, one on each page, so that they may 
be used for saying the Propositions. 

Another difficulty to beginners arises from the 
general terms in which Propositions are usually 
stated. For example, almost all editions of Euclid 
contain this Eider : — " The straight line drawn 
from the vertex of an isosceles triangle to the 
middle point of the base is perpendicular to the 
base." Boys who have learnt Euclid for years will 
refuse to attempt the Rider in this form. But 
the same Rider may be stated thus : — " Draw an 
isosceles triangle ABC, having the side AB equal 
to the side AC. Bisect the base BC in D and join 
AD. Prove that the angles ADB and ADC are 
right angles." In this form the Rider will be solved 
by almost every boy who has learnt the first twelve 
Propositions in Euclid. Throughout these Papers 
therefore all Riders, except the simplest, are stated 
first as Particular Propositions, and afterwards the 
most important Riders are repeated as General 
Propositions. 
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It would be a great gain to education if we could 
get rid of the idea that there are a limited number 
of important Propositions, all contained in Euclid, 
which must be learnt and remembered; but that 
there are also an endless number of unimportant 
Riders, which no one ever can remember. We 
should rather aim at teaching our pupils that there 
are different methods of Proof, and that different 
Propositions or Riders, whether in Euclid or not, 
are examples of these methods, and serve, just like 
the examples in Arithmetic or Algebra, to illustrate 
the different methods of proceeding. It is true that 
the results we obtain vary in value ; but it is also 
true that many of the most important Propositions 
are not to be found in Euclid. In teaching Euclid 
therefore it is a good plan to treat all the Proposi- 
tions in Book I. as Riders. Before setting a Pro- 
position to be learnt, call the class round the black- 
board ; state the enunciation, and draw the figure ; 
and then ask anyone to guess how it is proved. In 
this way the learning of Euclid is made interesting, 
and the working of Riders is looked upon as the 
solution of a number of puzzles rather than as an 
odious task. 

The Riders in this book are all important Pro- 
positions. The student who has worked through 
them will be acquainted with all the chief results 
arrived at in that part of elementary Geometry 
of which they treat. 

The Papers in each Part are graduated in diffi- 
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culty. They are also often arranged in pairs, so 
that the solution of any Paper marked with an 
even number will be found easy after working the 
preceding Paper. 

RUPERT DEAKIN. 



Kino Edward's School, 
Stourbridge, February, 1891. 
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PAKT L 

TO EUCLID I. 12. 

{In Papers I. to VI. "Draw" means "Draw without Proof.**) 

' I. 

1. Draw an isosceles triangle having each of the 
sides double of the base. 

2. Draw a right-angled isosceles triangle, an obtuse- 
angled isosceles triangle and an acute-angled isosceles 
triangle. 

3. Take a straight line MABN divided into three 
equal parts at A and B. With centre A and radius 
AN describe the circle NCD. With centre B and 
radius BM describe the circle MOD, cutting the former 
circle in the points C and D. Join CA, CB, DA, DB. 
Prove that BC=AC, and AD=BD. What kind of 
figure is CADB ? 

4. In the figure of Question 3 join CD, and prove 
that the angle ACD is equal to the angle BCD. 

5. In the figure of Prop. 2, let the given point 
A be on the circumference of the smaller circle. Draw 

11 



12 RIDER PAPERS. 

the complete figure in this case. Where does the point 
D come ? 

6. Which of the twelve Axioms apply to magnitudes 
of all kinds, and which apply to geometrical magnitudes 
only ? 

II. 

1. Explain Proposition, Enunciation, Data and 
Qusesita. 

2. Draw a right-angled scalene triangle, an obtuse- 
angled scalene triangle and an acute-angled scalene 
triangle. 

3. Take a straight line AB, and produce it both 
ways to M and N. Make MB=AN. Show how to 
describe an isosceles triangle on AB, having its two 
sides CA and CB each equal to MB or AN. 

4 ABC is an isosceles triangle, having the side AB 
equal to the side AC, and the angle BAC is bisected by 
the straight line AD. Prove that AD also bisects the 
base BC. 

5. In the figure of Prop. 2, let the given point A be 
joined to C instead of to B. Draw the complete figure 
in this case. 

6. In Prop. 9, why is the equilateral triangle DEF 
described on the side remote from A? Draw figures to 
illustrate your answer. 

III. 

1. Explain Problem, Theorem, Q.E.D. and Q.E.F. 

2. There are seven kinds of triangle. Draw one 
triangle of each kind and give its name. 
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3. In Prop. 9, prove that AF bisects the angle DFE. 

4. ABC is an isosceles triangle, having the side AB 
equal to the side AC, and the angle BAC is bisected by 
the straight line AD. Prove that AD is perpendicular 
to the base BC. 

5. The straight line AB is bisected at the point C ; 
and from C the straight line CD is drawn at right 
angles to AB. In CD take any point E, and join AE 
and BE. Prove that AE = BE. 

6. Write out all the Definitions, Axioms and Pos- 
tulates that Euclid employs in Prop. 2. 



IV. 

1. What is a Postulate? Euclid assumes a fourth 
Postulate in Prop. 4. What is it ? 

% Explain, with examples, Eeductio ad Absurdum, 
Converse and Corollary. 

3. Draw a quadrilateral figure ABCD, having its 
opposite sides equal, viz. AB to CD and AD to BC. 
Join BD. Prove that the angle BAD is equal to the 
angle BCD. 

4. ABC is an isosceles triangle, having AB equal to 
AC. The angle ABC is bisected by the straight line 
BD, and the angle ACB by the straight line CD. 
Prove that DB^ DC. 

5. In the figure of Prop. 10, take any point E in 
CA ; and from CB cut off CF equal to CE. Join DE 
and DF. Prove that DE = DF. 
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6. Show by drawing triangles that two triangles 
may have all their angles equal, each to each, and yet 
not be equal in area. 

V. 

1. What is an Axiom ? Why is the twelfth Axiom 
objectionable ? 

2. In the figure of Prop. 5, if FC and BG meet in H, 
prove that HB=HC. 

3. ABCD is a rhombus. Join AC. Prove that the 
angle BAC is equal to the angle DAC. 

4. ABC and DBC are two isosceles triangles on the 
same base BC, on the same side of BC, the vertex 
A being within the triangle DBC. Join AD. Prove 
that the angle BDA is equal to the angle CDA. 

5. A and B are two given points, and CD is a given 
line not passing through either A or B. Join AB, and 
bisect it at E. Through E draw EF at right angles to 
AB, and meeting CD in F. Join AF and BF. Prove 
that AF=BF. 

6. Take a right angle BAC, and draw a complete 
figure showing how it may be divided into four equal 
parts, as in Prop. 9. 

VI. 

1. Why is the given line of unlimited length in 
Prop. 12 ? 

2. In the figure of Prop. 5, if FC and BG meet in H, 
prove that FH=GH. 
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3. ABC is an isosceles triangle. From the equal 
sides AB and AC cut off BD equal to CE, and join 
CD and BE. Prove that CD = BE. 

4. Two isosceles triangles ABC and DBC are on the 
same base BC. Prove that the angle DBA is equal to 
the angle DCA. 

5. Draw two isosceles triangles ABC, ACD, Buch 
that AB=AC= AD, and let them have AB and AD in 
one straight line. 

6. In the figure of Question 5, prove that the angle 
BCD is equal to the sum of the angles ABC and ADC. 
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PART II. 

TO EUCLID I 26. 

VII. 

1. Upon a given finite straight line describe an 
isosceles triangle having each of its equal sides double 
of the base. 

2. In the figure of Prop. 5, join FG, and prove that 
the angle BGF is equal to the angle CFG. 

3. The straight line which bisects the vertical angle 
of an isosceles triangle also bisects the base, and is 
perpendicular to it. 

4. Let the straight line AB make with the straight 
line CD the angles ABC and ABD, and let these angles 
be bisected by the straight lines BE and BF. Prove 
that EBF is a right angle. 

5. ABC is any triangle, and the angle BAC is 
bisected by the straight line AX which meets BC in X. 
Prove that BA is greater than BX, and CA is greater 
than CX. 

6. ABC is any triangle. Prove that the difference 
between any two sides, BA and AC, is less than the 
third side BC. 
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VIII. 

1. AB is a given straight line, and C and D are two 
points outside the line AB. Find a point X in AB, 
such that CX=DX. 

2. In the figure of Prop. 5, let FC and BG meet in 
H, and join AH. Prove that AH bisects the angle 
BAG. 

3. If two isosceles triangles are on the same base, 
prove that the straight line, produced if necessary, 
which joins their vertices will bisect their common 
base, and be perpendicular to it. 

4. Two straight lines AB and CD cut each other in 
the point O, and the four angles at the point O are 
bisected by the lines OE, OF, OQ and OH. Prove 
that OE and OG, and that OF and OH are in the same 
straight lines; and that EOG and FOH cut each other 
at right angles, 

5. AB is a straight line, and C a point without it 
Draw CD perpendicular to AB, and prove that CD is 
less than any other line, such as CE, drawn from C to 
AR 

6. Take any point O inside the triangle ABC, and 
join OA, OB, OC. Prove that OA, OB and OC are 
together greater than half the sum of AB, BC and CA. 

IX. 

1. Show how to draw a straight line any point in 
which is equidistant from two given points A and B. 

2. ABCD is a quadrilateral figure, and its diagonals 
AC and BD bisect each other at right angles. Prove 
that ABCD is a rhombus. 

B 
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3. Show how to divide a given rectilineal angle mto 
two parts so that one part is one-seventh of the other 
part 

4. A and B are two points in the same side of tbe 
line CD. Draw AP perpendicular to CD and produce 
it to E, making PE equal to AP. Join BE, cutting 
CD in X ; and join AX. Prove that AX and BX 
make equal angles with CD. 

5. ABCD is a quadrilateral figure of which AD is the 
longest side and BC the shortest. Prove that the angle 
ABC is greater than the angle ADC, and the angle BCD 
greater than the angle BAD. 

6. In Prop. 16 prove that the two sides AB, BC are 
together greater than . twice the median BE, which 
bisects the remaining side AC. 

X. 

1. Show how to find a point equidistant from three 
given points, which .are not in the same straight line. 

2. In an isosceles triangle two of the medians are 
equal. 

3. From two given points on opposite sides of a given 
straight line show how to draw two straight lines which 
shall meet in the given straight line and make equal 
angles with it. 

4. In any triangle the sum of the medians is less than 
the perimeter of the triangle. 

6. O is any point within the triangle ABC. Prove 
that OA, OB, OC are together less than AB, BC, and 
CA together. 
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6. ABC is any triangle. Through P, the middle 
point of AB, draw any straight line QPR meeting CB 
in Q and CA produced in R. From PR cut off PN 
equal to PQ and join AN. Prove that the triangle 
APN is equal to the triangle PQB, and that the triangle 
ABC is less than the triangle QRC. 

XI. 

1. Show how to find the centre of a circle which 
shall pass through two given points and have its radius 
equal to a given line. 

2. The three medians of an equilateral triangle are 
equal. 

3. Given two points A and B on the same side of a 
line CD. Find a point P in CD, such that the sum 
of AP and BP is a minimum. 

4. X, Y, Z are the middle points of the sides BC, 
CA, AB of the triangle ABC ; and YO and ZO are 
drawn at right angles to CA and AB. Join OX and 
prove that OX is perpendicular to BC. 

5. If a line be divided into any two unequal parts, 
the distance of the point of section from the middle of 
the line is equal to half the difference of the two parts. 

6. If two right-angled triangles have their hypo- 
thenuses equal, and one side of the one equal to one 
side of the other, the two triangles shall be equal 
in all respects. 

XII. 

1. Find a point which is equidistant from four fixed 
points. When is this impossible ? 
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2. If two circles cut one another, the line joining 
their points of intersection is bisected at right angles 
by the line joining their centres. 

3. The line A8 is drawn at right angles to CD from 
the middle point of CD. Show how to describe on the 
base CD an isosceles triangle having the sum of one of 
the equal sides and the perpendicular drawn from the 
vertex to the base equal to AB. 

4. Any point P is taken on the line AF which bisects 
the given rectilineal angle BAC, and PX, PY are 
drawn perpendicular to BA and AC. Prove that 
PX = PY. 

5. If the line AB be bisected at C and produced to D, 
prove that CD is equal to half the sum of AD and BD. 

6. If two triangles have two sides of the one equal to 
two sides of the other, each to each, and have likewise 
the angles opposite to one pair of equal sides equal, 
then the angles opposite to the other pair of equal sides 
shall be either equal or supplementary, and in the 
former case the triangles shall be equal in all respects. 
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PART III. 

TO EUCLID L 32. 

XIII. 

1. Prove Prop. 8 by supposing the two triangles 
placed on opposite sides of the same base and their 
vertices joined. 

2. The angles ABC, ACB of the triangle ABC are 
bisected by the lines BO and CO. Join OA and prove, 
by drawing perpendiculars from O to the sides of the 
triangle, that OA bisects the angle BAC. 

3. If a straight line falling on two other straight 
lines makes the two exterior angles on the same side of 
it together equal to two right angles, these two straight 
lines shall be parallel. 

4 Straight lines which are perpendicular to the 
same straight line are parallel. 

5. ABC is a triangle having the side BA produced to 
D, and the angle CAD is bisected by the line AX. If 
AX is parallel to BC, prove that ABC is an isosceles 
triangle. 

6. Each of the angles of an equilateral triangle is 
two-thirds of a right angle. 
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XIV. 

1. A6CD is a quadrilateral figure, and the two oppo- 
site sides AB and CD are bisected at P and Q. Join 
PQ. If PQ is at right angles to AB and CD, prove that 
AD=BC. 

2. The sides AB and AC of the triangle ABC are 
produced to D and E, and the angles DBC and ECB 
are bisected by the lines BO and CO. Prove that AO 
will bisect the angle BAC. 

3. Anv straight line parallel to the base of an 
isosceles triangle makes equal angles with the sides. 

4. If a straight line meets two or more parallel 
straight lines and is perpendicular to one of them, it is 
perpendicular to all the others. 

5. The straight line parallel to the base of an 
isosceles triangle through the vertex will bisect the 
exterior angle at the vertex. 

6. In a right-angled isosceles triangle each of the 
equal angles is half a right angle. 

XV. 

1. From a given point draw a straight line equal to 
twice a given straight line. 

2. If in a quadrilateral two opposite sides be equal, 
and the angles which a third side makes with the equal 
sides be equal, then the other angles of the quadri- 
lateral shall be equal. 

3. A is any point outside, and B and C any two 
points in a given straight line. Join AC. With centre 
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A and radius equal to BC describe a circle ; and with 
centre B and radius equal to AC describe a circle 
cutting the former circle in D. Join AD and prove 
that AD is parallel to BC. 

4. If two straight lines AB, AC both pass through 
the same point A, they cannot both be parallel to 
another line. 

6. AX is a given finite straight line, and P and Q 
are two given acute angles. Show how to construct a 
triangle ABC having the angle ABC equal to P, the 
angle ACB equal to Q, and AX the perpendicular from 
A to the base BC. 

6. If two triangles have two angles of the one equal 
to two angles of the other, each to each, then the third 
angle of the one is equal to the third angle of the 
other. 

XVI. 

1. In the figure of Prop. 2 show how to draw from 
the point D a straight line, so that the part of it inter- 
cepted between the two circles may be equal to BC. 

2. Prove the first case in Prop. 26 by the method of 
superposition. 

3. ABCD is a quadrilateral figure having the side 
AB equal to the side CD, and the angle ABC to the 
angle BCD. Prove by superposition that AD is 
parallel to BC. 

4 Through a given point only one straight line can 
be drawn parallel to a given straight line. 
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5. Construct a right-angled triangle, having one side 
equal to a given finite straight line, and one angle 
equal to a given acute angle. 

6. In any right-angled triangle the two acute angles 
are complementary. 

XVII. 

1. Prove by the method of superposition that only 
one perpendicular can be drawn to a given straight line 
from a given point without it. 

2. BAC and 8DC are two triangles on the same base 
BC and on the same side of it, and the angle BAC is 
equal to the angle BDC. Prove that each of the vertices 
A and D must lie without the other triangle. 

3. Find the locus of a point equidistant from two 
given intersecting straight lines. 

4. Straight lines which make equal angles with two 
given intersecting straight lines form two sets of parallel 
lines. 

5. Through a given point draw as many straight 
lines as possible making a given angle with a given 
straight line. 

6. The sum of the angles of any quadrilateral figure 
is equal to four right angles. 

XVIII. 

1. From a given point outside a given straight line, 
not more than two straight lines can be drawn equal to 
a given straight line, one on each side of the perpendi- 
cular from the given point to the given line. 
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2. ACB and ADB are two triangles on the name base 
AB and on the same side of it, and AC is equal to BD, 
and AD to BC. If AD and BC intersect in E, prove 
that the triangle APB is isosceles. 

3. Find a point within a given triangle equidistant 
from the three sides. 

4 Straight lines which make a given acute or obtuse 
angle with a given straight line form two sets of parallel 
lines. 

5. If one angle of a triangle is equal to the sum of the 
other two angles, the triangle is right angled. 

6. Show how to trisect a right angle. 
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PART IV. 

TO EUCLID I. 34. 

XIX. 

1. AB, AC are two straight lines. Through the given 
point X draw a straight line meeting AB and AC in X> 
and E aod making AD equal to AE. 

2. Construct a triangle having given the base, the 
altitude and the length of the median which bisects the 
base. 

3. In a right-angled triangle if a perpendicular be 
drawn from the right angle to the hypothenuse, the 
two triangles thus formed are equiangular to one 
another. 

4. Every right-angled triangle can be divided into two 
isosceles triangles by a straight line drawn from the 
right angle to the hypothenuse, and this line is equal to 
half the hypothenuse. 

5. What is the magnitude of each of the angles of a 
regular pentagon ? 

6. If the diagonals of a parallelogram are equal all its 
angles are right angles. 
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XX. 

1. If in Prop. 33 the lines were joined, but not 
towards the same parts, state and prove what difference 
there would be in the conclusion. 

2. AB and C are two given straight lines. At the 
point B the angle ABD is made equal to half a right 
angle. Find a point P in BD, and a point Q in AB, so 
that AQP shall be a right-angled triangle having its 
hypothenuse equal to C, and the sum of its sides equal 
to AB. 

3. A is the vertex of an isosceles triangle. Produce 
BA to D, making AD equal to AB; and join CD. 
Prove that BCD is a right angle. 

4. A number of right-angled triangles have a com- 
mon right angle and equal hypothenuses. Show that 
the middle points of the hypothenuses all lie on the 
circumference of the same circle. 

5. What is the magnitude of each of the angles of a 
regular hexagon ? 

6. Two straight lines drawn from the extremity of 
the base of any triangle cannot bisect each other. 

XXI. 

• 1. In the figure of Prop. 16 if the angle ABC is 
bisected by the line BX meeting AC in X, prove that 
the median BE falls within the angle ABX so long as 
AB is greater than BC. 

2. If ABC is a triangle having the angles at A and 
B equal to half two given angles P and Q, and if at the 
point C the angles ACD, BCE be described equal 
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respectively to half P and Q, the lines CD, CE meeting 
the base AB within the triangle, then CDE will be a 
triangle having its perimeter equal to AB, and the 
angles at the base equal to P and Q. 

3. Draw a straight line at right angles to a given 
finite straight line from one of its extremities without 
producing the given straight line. 

4. Prove indirectly that if the bisectors of two angles 
of a triangle are equal the two angles are equal. 

5. What is the magnitude of each of the exterior 
angles of a regular octagon ? 

6. The straight lines which bisect two opposite angles 
of a parallelogram are either coincident or parallel. 

XXII. 

1. In the figure of Prop. 16 if the angle ABC be 
bisected by BX, and BP be drawn perpendicular to AC, 
prove that the bisector BX is intermediate in position 
and magnitude to the median BE and the perpendicu- 
lar BP so long as AB and BC are unequal. 

2. If ABC is a triangle having the angle at B equal 
to half a given angle P, and the side AC equal to a 
given line K, show how to describe on the base AB a 
triangle having the difference of the base angles equal 
to P and the difference of the sides equal to K. 

3. A parallelogram is bisected by any straight line 
which passes through the middle point of one of its 
diagonals. 

4. If one angle of a parallelogram is a right angle all 
its angles are right angles. 
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5. If the opposite sides of a quadrilateral figure are 
equal it is a parallelogram. 

6. The straight lines which bisect two adjacent angles 
of a parallelogram intersect at right angles. 

XXIII. 

1. In any triangle the angle contained by the bisector 
of the vertical angle and the perpendicular from the 
vertex to the base is equal to half the difference of the 
angles at the base of the triangle. 

2. ABCD is a quadrilateral figure having AB parallel 
to CD. Prove that its area is, eqnal to the area of a 
parallelogram formed by drawing through M the middle 
point of BC a straight line parallel to AD. 

3. From the extremities of the base of the isosceles 
triangle ABC, BP and CQ are drawn perpendicular to 
the equal sides AC and AB. Prove that each of the 
angles PBC and QCB is equal to half the angle BAC. 

4. The diagonals of a parallelogram bisect each other. 

5. If the opposite angles of a quadrilateral figure are 
equal it is a parallelogram. 

6. The lines which bisect the angles of any parallelo- 
gram form a right-angled parallelogram, whose diameters 
are parallel to the sides of the former parallelogram. 

XXIV. 

1. On a given base construct a triangle, having one 
angle equal to a given angle A, and the side opposite this 
angle equal to a given straight line B. When will 
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there be two solutions, one solution, or no solution 
possible ? 

2. ABC is any triangle and CPQ is drawn perpendi- 
cular to the bisector of the angle A meeting it in P, and 
the side A8 in Q. Prove that AQC is an isosceles tri- 
angle, and that the angle QCB is equal to half the 
difference of the angles ABC and ACB. 

3. If a quadrilateral figure has all its sides equal and 
one angle a right angle, all its angles are right angles. 

4. If the diagonals of a quadrilateral figure bisect 
each other, the figure is a parallelogram. 

5. If a quadrilateral figure has two of its opposite 
sides parallel, and the other two sides equal but not 
parallel, any two of its opposite angles are together 
equal to two right angles. 

6. The parts of all perpendiculars to two parallel lines 
intercepted between them are equal. 
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PART V. 

TO EUCLID I. 34. 

XXV. 

1. If the line which bisects the vertical angle of a 
triangle also bisects the base the triangle is isosceles. 

2. Prove that there is one and only one point which 
is equidistant from three given points not in the same 
straight line. 

3. Show that four equal right-angled isosceles tri- 
angles can be arranged round one common vertex so as 
to form a square. 

4. In the triangle ABC the side AB is bisected at. M 
and MN is drawn parallel to BC to meet AC in N. 
Prove, by drawing NP parallel to AB, that MN bisects 
the side AC. 

5. Any point P is taken in the base BC of an isosceles 
triangle, and PM and PN are drawn parallel to the 
equal sides AB, AC to meet them in M and N. Prove 
that the sum of PM and PN is constant. 

6. ABC is any triangle and CPQ is drawn perpendi- 
cular to the bisector of the angle A meeting it in P, and 
the side AB in Q. Prove that each of the angles AQC 
and ACQ is equal to half the sum of the angles ABC 
and ACB. 
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XXVI. 

1. If through any point equidistant from two 
parallel straight lines, two other straight lines be 
drawn cutting the parallel straight lines, one in the 
points A and C, the other in B and D, prove „ that 
AC=DB. ; 

2. Prove that there are four and only four points in 
a plane, each of which is equidistant from the three 
sides of a triangle. 

3. Show that six equilateral triangles can be arranged 
round one common vertex so as to make a regular 
hexagon. « - 

4. In the triangle ABC the two medians BY and OZ 
are drawn to intersect in O, and through C, CE is 
drawn parallel to BY. Join AO, and produce it. to, 
meet BC in X, and CE in E. Join BE. Prove that 
AE is bisected in O, that BOCE is a parallelogram, and 
that AX is the third median of the triangle ABC. 

5. Draw a straight line through a given point,, so 
that the part of it intercepted between two gi,veji 
parallels may be of a given length. 

6. AB is a given finite straight line. Draw AC 
making the angle BAC acute. Produce AC to D, and 
then to E, making CD and CE each equal to AC. Join 
BE, and draw CP and DQ parallel to BE. Prove that 
AB is trisected in the points P and Q. 

XXVII. • 

1. Any line AX is drawn through the angle A of the 
parallelogram ABCD, and BP, CQ and DR are drawn 
pei-pendicular to AX. If C is the angle opposite' A, 
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prove that CQ is equal to the sum or difference of BP 
and DR, according as AX falls without or intersects 
the parallelogram. 

2. If two straight lines are parallel to two other 
straight lines, each to each, then the angles contained 
by the first pair are equal to the angles contained by 
the other pair. 

3. Show that eight equal triangles can be arranged 
round one common vertex so as to form a regular 
octagon. 

4. Bisect AC and AB the sides of the triangle ABC 
at the points Y, Z ; and draw AP perpendicular to BC. 
Prove that the angle YPZ is equal to the angle BAC. 

5. If two parallelograms have two adjacent sides of 
the one equal to two adjacent sides of the other, each 
to each, and one angle of one equal to one angle of the 
other, the two parallelograms are equal in all respects. 

6. If the angle between two adjacent sides of a 
parallelogram be increased, but the lengths of the sides 
remain the same, the diagonal through their point of 
intersection will be diminished. 

XXVIII. 

1. In a given straight line find a point which is 
equidistant from two given straight lines. When is 
this impossible ? 

2. Half the base of a triangle is greater than, equal 
to, or less than the line joining the vertex to the 
middle point of the base, according as the vertical angle 
is obtuse, right or acute. 

c 
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3. Find the locus of a point which is at a given 
distance from a given straight line. ' ' 

4. In a right-angled triangle ABC, having the right 
angle ACB, if the angle CAB is double of the angle 
ABC, then AB is double of AC. 

5. Two right-angled parallelograms are equal if two 
adjacent sides of the one are equal to two adjacent 
sides of the other, each to each. 

6. Bisect AB, CD, two opposite sides of a parallelo* 
gram ABCD at M and N. Join CM and NB. Prove 
that DM and NB trisect the diagonal AC 



XXIX. 

1. Prove by the method of superposition that if the 
four angles of a quadrilateral figure are all equal, its 
opposite sides are equal. 

2. If in the sides AB, AC of the triangle ABC, in 
which AC is greater than AB, points D, E be taken ao 
that BD and CE are equal, prove that CD is greater 
than BE. 

3. Draw a straight line which shall make equal angles 
with two given intersecting straight lines and be equi- 
distant from two given points. 

4. In the figure of Prop. 1 produce AB both 
ways to meet the circumferences in D and E. Join 
CD, CE. Prove that CDE is an isosceles triangle 
having one angle four times each of the other angles. 

5. The angle ABC of the triangle ABC is bisected 
by BD, which meets AC in D ; and through D, DE 
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and DF are drawn parallel to AB and BC. Prove 
that DEBF is a rhombus. 

p. Show how to divide a given straight line into 
seven equal parts. 

XXX. 

1. Prove Prop. 27 by the method of superposition. 

2. ABO is an isosceles triangle having AB equal to 
AG. Bisect the angles ABC, ACB by the lines BX 
and OY meeting AC and AB in X and Y. Prove 
that the triangles YBC and XCB are equal in all 
respects. 

3. Find the locus of the middle points of all the 
straight lines drawn from a given point to meet a 
given straight line of unlimited length. 

4 If an exterior angle of a triangle be bisected and 
also one of the interior opposite angles, the angle con- 
tained by the bisecting lines is equal to half the other 
interior opposite angle of the triangle. 

5. If the angular points of one parallelogram lie on 
the sides of another parallelogram, the diagonals of 
both parallelograms pass through the same point. 

6. Find in a side of a triangle the point from which 
the straight lines drawn parallel to the other sides of 
the triangle and terminated by them are equal. 
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PART VI. 

. » 

TO EUCLID L 41. 

XXXL 

1. AC and BC are two given straight linea Show 
how to draw a straight line from a given point P to 
AC, so that it is bisected by BC. 

2. AB and CD are two straight lines intersecting in 
O, and X is a given finite straight line. Show how to 
find the points in AB which are at a perpendicular 
distance equal to X from CD. 

3. The area of any parallelogram is equal to the pro- 
duct of the base into the altitude. 

4. ABC is a triangle and D any point in AB. Show 
how to draw through D a straight line DE to meet BC 
produced in E, so that the triangle DBE may be equal 
to the triangle ABC. 

5. A triangle is divided by each of its medians into 
two triangles of equal area. 

6. The straight line which joins the middle points of 
two sides of a triangle is parallel to the third side. 

XXXII. 

1. The straight lines drawn through the middle points 
of the sides of a triangle perpendicular to the sides meet 
in a point. 
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2. The straight line which joins the middle points of 
two sides of a triangle is equal to half the third side. 

3. Show how to bisect a triangle by a straight line 
drawn through one of its angular points. 

4. If any point O be taken on the median AX of the 
triangle ABC, prove that the triangle AOB will be 
equal to the triangle AOG. 

5. The area of a triangle is equal to half the product 
of the base into the altitude. 

6. PQRS is a quadrilateral figure. On the base FQ 
show how to construct a triangle equal in area to PQRS 
and having the angle at P common with the quadrila- 
teral figure. 

XXXIII. 

li Any point on the line which bisects a given recti- 
lineal angle is equidistant from the two lines containing 
the angle. 

3. The three straight lines which join the middle 
points of the sides of a triangle divide the triangle into 
four triangles which are equal in all respects. 

3. The four triangles into which a parallelogram is 
divided by its diagonals are equal in area. 

4. ABCD is a quadrilateral figure, and X, Y, Z, W 
are the middle points of its sides. Prove that the 
figure formed by joining the middle points is a parallelo- 
gram whose area is half that of the quadrilateral ABCD. 

5. Given the area and the base of a triangle, find the 
locus of its vertex. 
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6. A triangle is equal in area to the sum or di&r&ce 
of two triangles on the same base, if the altitude of the 
former is equal to the sum or difference of the altitude 
of the latter. 

XXXIV. : 

1. The bisectors of the angles of a triangle are con- 
current. 

2. If two sides of a quadrilateral figure are parallel, 
but unequal, the straight line which joins the middle 
points of the oblique sides is equal to half the sum: of 
the parallel sides ; and the part of this line which is 
intercepted between the diagonals of the quadrilateral 
figure is equal to half the difference of the parallel sides. 

3. If the diagonals of a quadrilateral figure divide it 
into four equal triangles it is a parallelogram. 

4. ABCD is a parallelogram and E is the middle point 
of CD. Prove that the triangle AEB will be half the 
parallelogram. 

6. P is any point in BC, the base of the triangle ABC, 
and X is the middle point of BC. Join AP and draw 
XQ parallel to AP to meet one of the other sides of the 
triangle in Q. Join PQ and prove that it bisects the 
triangle. 

6. A triangle is equal in area to the sum or difference 
of two triangles of the same altitude if the base of the 
former is equal to the sum or difference of the bases of 
the latter. 

XXXV. 

1. ABC is a given triangle. Show how to describe 
another triangle PQR having the points A, B, C as the 
middle points of its sides. 
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2. If ABC and ABD be two equal triangles on the 
same base AB bat on opposite sides of it, prove that 
they have equal altitudes and that the line joining the 
vertices C, D is bisected by AB. 

3. If two opposite sides of a quadrilateral figure are 
parallel the straight line which joins the middle points 
of these two sides will bisect the figure. 

4. The three medians of a triangle are concurrent, 
and cut one another in a point such that one part of 
any median is double of the other part. 

5. The base BC of the triangle ABC is trisected at X 
and Y, and P is any other point in BC. Show how to 
draw two lines through P trisecting the triangle ABC. 

6. The diagonals of the quadrilateral figure A BCD 
intersect in O, and OB is produced to E, making OE 
equal to the diagonal BD. Prove that the triangle 
AEC is equal in area to the figure ABCD. 



XXXVI. 

1. Assuming that the three straight lines drawn at 
right angles to the sides of a triangle at their middle 
points are concurrent, prove that the three straight 
lines drawn from the angular points of a triangle per- 
pendicular to the opposite sides are also concurrent. 

2. If the line joining the vertices of two triangles on 
the same base but on opposite sides of it be bisected by 
the base, the triangles are equal. 

3. Bisect a quadrilateral figure by a line drawn 
through a given vertex. 
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4. Find a point which shall be at a given distance X 
from two given intersecting straight lines. 

5. When two sides AB, AC of a triangle are given in 
length the area is a maximum when BAC is a right 
angle. 

6. Two quadrilateral figures are equal when their 
diagonals are equal and intersect at the same angle. 
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PART VII. 

TO EUCLID I. 48. 

XXXVII. 

1. A given straight Hue AB is bisected at C, and 
perpendiculars AX, CZ, BY are drawn to any other 
straight line. Show that the projections of AC and 
CB, that is XZ and ZY, are equal. 

2. AB and CD are two straight lines which cut one 
another, and X is a given finite straight line. Show 
how to describe an equilateral triangle having its base 
on AB, its vertex on CD and each of its sides equal 
to X. 

3. Describe a triangle equal to a given parallelogram 
and having an angle equal to a given rectilineal angle. 

4. In the figure of Prop. 47 join FD, EK and GH. 
Prove that the triangles ABC, FBD, GAH and KCE 
are nil equal. 

5. In a rhombus the squares of the four sides are 
together equal to the squares of the diagonals. 

6. Show how to draw through one of the corners of a 
square two lines which shall divide the square into 
three equal parts. 
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XXXVIII. 

1. Describe a right-angled triangle having its hypo- 
thenuse equal to a given finite straight line and the 
sum of its sides equal to another given finite straight 
line. 

2. The diagonals of parallelograms about a diagonal 
of a parallelogram are parallel. 

3. If three parallel straight lines make equal inter- 
cepts on a fourth straight line which meets them, they 
will also make equal intercepts on any other straight 
line which meets them. 

4. In the figure of Prop. 47 prove that AD and FC 
are perpendicular. 

5. Given the diagonal of a square construct the square. 

6. Any point P is taken in the base AB of a triangle, 
and PQ and PR are drawn parallel to the sides of* the 
triangle, meeting them in Q and R. Prove that the 
parallelogram PQGR is greatest when P is taken at the 
middle point of AB. 

XXXIX. 

1. If two lines be respectively perpendicular to two 
others, the angle between the former is equal to the 
angle between the latter. 

2. Construct a rectilineal figure equal to a given recti- 
lineal figure, and having fewer sides by one than the 
given figure. 

3. Equal and parallel straight lines have equal pro- 
jections on any other straight line. 
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4. ABC is a right-angled triangle having ABC the 
right angle. On AB, on the side away from C, des- 
cribe the square ABDE ; and on AC, on the same side 
as B, describe the square ACFG. Draw FH and FK 
perpendicular to BD and ED produced. Prove that (1) 
G lies in DE, (2) the triangles ABC, AEG, CHF, GKF 
Are all equal, (3) HK is a square and is equal to the 
square of BC. 

5. On a given base describe a triangle equal to a given 
triangle. 

6. From any point O perpendiculars OX, OY, OZ are 
drawn to the sides BC, CA, AB of the triangle ABC. 
Prove that the squares of AZ, BX, CY are together 
equal to the squares of AY, CX, BZ. 

XL. 

1. The straight line which is drawn through the 
middle point of one side of a triangle parallel to another 
side will bisect the third side of the triangle. 

2. Construct a triangle equal to a given rectilineal 
figure. 

3. A given straight line AB is bisected at C, and per- 
pendiculars AX, CZ, BY are drawn to any other straight 
line PQ, which does not pass between A and B. Prove 
that CZ is equal to half the sum of AX and BY. 

4. A square is described on a line DE which is equal 
to the sum of the two sides of the right-angled triangle 
ABC, and from the four corners of this square four right- 
angled triangles, each identically equal to ABC, are cut 
away. Prove that the figure left is equal to the square 
of the hypothenuse AC. 
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5. Through the point O within the parallelogram 
ABCD two straight lines are drawn parallel to the sides. 
If the parallelograms 08 and OD are equal prove t^at 
lies on the diagonal of ACL .. 

6. If points X, Y, Z be taken on the sides BC, CA, 
AB of the triangle ABC, such that the squares of AZ, 
BX, CY are together equal to the squares of AY, CX, 
BZ, prove that the perpendiculars to the sides of the 
triangle at the points X, Y, Z are concurrent. 



XLI. 

1. If the middle points of the adjacent sides of any 
quadrilateral figure be joined, prove that the figure thus 
formed is a parallelogram. 

2. OEC is a triangle and the median CX is produced 
to B so that CX is equal to XB, and £0 is produced to 
A so that EO is equal to OA. Prove that ABC will be 
a triangle having its medians equal to one and a half' 
times the various sides of the triangle OEC. 

3. ABC, ABD are on the same base AB and between 
the same parallels. A line parallel to AB cuts AC, BC, . 
AD and BD in E, F, G and H. Prove by reductio ad 
absurdum that EF = GH. 

4. A square is described on a line BE which is 
equal to the sum of the two sides of the right-angled 
triangle ABC, and from two opposite corners of this 
square two right-angled parallelograms, each double of 
the triangle A BC, are cut away. Prove that two squares 
may be left equal respectively to the squares on AB 
and BC. 
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&« The square described on the diagonal of a given 
square is doable of the given square. 

6. If the opposite angles of a quadrilateral figure are 
supplementary, a point can be found which is equidistant 
f coin the four vertices. 

XLIL 

1. Of all triangles having the same base and area, 
the perimeter of an isosceles triangle is least. 

2. Show how to construct a triangle having its 
medians equal to three given lines. 

3. If the base BC of a triangle ABO be divided into 
any number of equal parts at the points P, Q, R, and 
these points be joined to the vertex A, show that any 
line parallel to BC will be divided into equal parts by 
the lines AP, AQ, AE. 

4. Show that Prop. 47 may be proved by cutting off 
iakxr right-angled triangles from each of two equal 
squares. 

5. ABC is an equilateral triangle, and AD is drawn 
perpendicular to BC. Prove that the square on AD is 
equal to three times the square on BD or CD. 

6. If the sum of one pair of opposite sides of a 
convex quadrilateral figure is equal to that of the other 
two sides, a point can be found which is equidistant 
from the four sides. 



i * 
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PART VIII. 

TO EUCLID I. 48. 

XLIH. 

1. Given four lines, no two of which are parallel. 
In how many points will these lines intersect, and how 
many diagonals can be drawn joining two points of 
intersection. Draw such a complete quadrilateral, and 
name its sides and diagonals. 

2. O is any point outside the parallelogram ABCD, 
and also outside the angle BAD and its opposite 
vertical angle. Prove that the triangle DAC will be 
equal to the sum of the triangles OAD, OAB. 

3. Assuming the rider in XLIL 3, show how to 
divide a given straight line into any given number of 
equal parts. 

4. In a right-angled triangle if a perpendicular be 
drawn from the right angle to the base, the square on 
either of the sides containing the right angle is equal 
to the rectangle contained by the base, and its segment 
adjacent to that side. 

5. AB and CD are two given finite straight lines. 
Draw BE at right angles to AB, and equal to CD. 
Show how to find a point H in AB, such that the 
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difference of the squares on AH and KB shall be equal 
to the square on CD. 

6. In any triangle if a perpendicular be drawn 
from one extremity of the base to the bisector of the 
vertical angle, the line joining the middle point of the 
base to the foot of this perpendicular is equal to half 
the difference of the sides of the triangle. 

XLIV. 

1. ABCD is a quadrilateral figure. Two of its 
opposite sides AD and BC are bisected at X and Y ; 
and its diagonals AC and BD are bisected at Z and W. 
Prove that XZWY is a parallelogram whose area is 
equal to half the difference of the areas of the triangles 
ABC and ABD. 

2. ABCD is a parallelogram, and O is any point 
within the angle BAD or its opposite vertical angle. 
Prove that the triangle OAC is equal to the difference 
of tlie triangles OAD, OAB. 

3. Any straight line drawn from the vertex of a 
triangle to the base is bisected by the straight line 
which joins the middle points of the other sides of the 
triangle. 

4u ABC is a right-angled isosceles triangle, having 
the side AB equal to BC. If JBC is produced to D, 
E and F, making BD v equal to AC, BE equal to 
AI>, and BF equal to AE, show that the squares on 
BD, BE and BF are equal to twice, three times and 
four times the square on AB. 

5. Given the base of a triangle, and the difference of 
the squares on the sides of the triangle. Show that 
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the locus of the vertex of the triangle is a straight line 
perpendicular to the base. 

6. Assuming the last rider, No. 5, prove that the 
three perpendiculars from the angles of a triangle to 
the opposite sides are concurrent. 

XLV. 

1. Assuming the figure and rider XLIV. I, if 
AB and DC meet in L, and ZY produced meets LC in 
K; prove that each. of the triangles LZY and CZY is 
equal to one-fourth of ABC ; that each of the triangles 
LWY and BWY is equal to one-fourth of BCD; apd, 
that the triangle LZW is equal to one-fourth of the 
quadrilateral figure ABCD. 

2. In a triangle ABC, AD is drawn perpendicular to 
BC, and X, Y, Z are the middle points of the sides BC, 
CA, AB. Prove that each of the angles ZXY, ZDY \% 
equal to the angle BAC. 

3. If two straight lines AB, CD intersect in O, so 
that the triangle AOC is equal to the triangle DOB, 
prove that AD and CB are parallel. 

4. Show how to divide a given straight line into two 
parts, so that the square of one part may be double of 
the square of the other part. 

6. In the figure of Prop. 47 join FD and EK, and 
prove that the square on FD is equal to the square on 
AB together with four times the square on AC. 

< 

6. Construct a square so that one side shall lie on a 
given straight line and two other sides shall pass 
through two given points. 
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XLVI. 

1. Assuming XLV. 1, show that the middle points 
of trie three diagonals of a complete quadrilateral 
are cbllinear, i.e. in the same straight line. 

2. The perpendiculars through the middle points of 
the sides of a triangle ABC meet in P, and the medians 
meet in M. Join PM and produce it to meet AD, the 
perpendicular from A to BC, in O. Prove that MO= 
frvdee PM, and that all the perpendiculars from the 
angles of the triangle pass through O. 

3. The angles ABC and ACB are bisected by the lines 
BK and CK, and DKE is drawn through K parallel to 
BO 'meeting AB and AC in D and £. Prove that DE is 
equal to the sum of BD and CE. 

* l 4. 1 Show how to divide a given straight line into two 
parts so that the square of one part may be equal to 
ttirde times the square of the other part. 

5. In the figure of Prop. 47 join FD and EK and 
prove that the squares on FD and EK are equal to five 
times the square on BC. 

6. Construct a square so that two opposite sides shall 
pass through two given points, and its diagonals inter- 
sect at a third given point. 

XLVIL 

1. The quadrilateral figure, which is formed by the 
four straight lines bisecting the angles of any quadri- 
lateral figure ABCD> has its opposite angles equal to 
two right angles. 
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2. The perpendiculars through the middle pointfc of 
the sides of a triangle ABC meet in P, and the perpen- 
diculars to the sides from the angles of the trieLngle 
meet in 0. Prove that AO is equal to twice the, length 
of the perpendicular from P on BC. _ Mi , , 

3. Having given the direction of two lines AB *ftd 
AC, and that BC always passes through a given point 
P, prove that the triangle ABC will be least whei^ BC 
is bisected at P. 

4. Having given one side of a right-angled parallelo- 
gram which is equal to a given square, find the length 
of the other side of the parallelogram. 

5. The triangle formed by the three bisectors of the 
exterior angles of a triangle is such that the lines 'Join- 
ing its vertices to the angles of the original triangle 
will be its perpendiculars. 

6. The equilateral triangle described on the hypo- 
thenuse of a right-angled triangle is equal to the sum of 
the equilateral triangles described on the sides. 

XLVIII. 

1. The quadrilateral figure, which is formed by the 
four straight lines bisecting the exterior angles of any 
quadrilateral figure ABCD, has its opposite angles 
equal to two right angles. 

2. The point of concurrence of the perpendiculars to 
the sides of a triangle at their middle points, the point 
of concurrence of the perpendiculars to the sides from 
the opposite angles, and the point of concurrence of the 
medians are collinear. 
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3* < Having given two lines AB and CD not parallel to 
eaefc other, find the straight line which would bisect the 
angte between AB and CD without producing them. 

4: In every quadrilateral the intersection of the 
straight lines which join the middle points of opposite 
■sides is the middle point of the straight line which joins 
the, middle points of the diagonals. 

'" ! 5. ! If the opposite angles of a quadrilateral figure are 

equal, the opposite sides are equal. 
> 

6. On AB, BC the sides of a triangle ABC, any paral- 
lelograms ABPE, BCDL are constructed, and EF, DL 
are produced to meet in O. On AC a parallelogram 
AC5IG is constructed having AG, CH equal and 
parallel to OB. Prove that it is equal to the sum of 
ther *>ther two parallelograms. 



• .ii 






52 RIDER PAPERS. 



PAKT IX. 

ON EUCLID, BOOK II. 

XLIX. 

1. State the first three Propositions in Bk. II. in 
Algebraical Formulae, and show that Props. 2 and 3 are 
only special cases of Prop. 1. 

2. Show by Prop. 4 that the square on any straight 
line is equal to four times the square on half the 
line. 

3. Write out a full geometrical proof that €^-5*= 
(a +b) (a -b). 

4. In Prop. 11 produce EC to G making EG equal to 
BE and on AG describe a square having one corner in 
AB produced in K. Prove that the rectangle AB, AK 
is equal to the square on BK. 

5. The difference of the squares on two sides of a 
triangle is equal to twice the rectangle contained by the 
base and that part of the base intercepted between the 
middle point of the base and the foot of the perpendi- 
cular drawn from the opposite angle. 

6. The sides of a triangle are 10, 12, 15 inches. 
Prove that it is acute-angled. 
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1. State Props. 4, 5, 6, 7 in algebraical formulae. 

2. Prove Prop. 4 by means of Props. 2 and 3. 

3. If a line is divided into any two parts the rect- 
angle contained by the parts is a maximum, and the 
sum of their squares is a minimum, when the parts are 
equaL 

4. The square on a straight line AD drawn from the 
vertex A of an isosceles triangle to any point D in the 
base is less than the square on AB, one of the equal 
aides, by the rectangle contained by BD, DC the seg- 
ments of the base. 

5. If a straight line be divided internally in medial 
section as in Prop. 11, and if from AH the greater seg- 
ment, a part be taken equal to HB the less, show that 
AH the greater segment is also divided in medial section. 

6* The sum of the squares on the sides of a parallelo- 
gram is equal to the sum of the squares on the diagonals. 

LI. 

1. If any four points A, B, C, D are taken in order 
along a straight line, prove that 

AB,CD+BC,AD= AC,BD and that this is 
the same as AB,CD+BC,AD+CA,BD=0. 

2. In a right-angled triangle, if a perpendicular is 
drawn from the right angle to the hypothenuse, the 
square on this perpendicular is equal to the rectangle 
contained by the segments of the hypothenuse. 

3. A and B are two fixed points, and the point D 
moves so that the difference of the squares on AD aud 
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DB is constant. Prove that the locus of D is a straight 
line perpendicular to the line passing through Aand^B. 

4. State Props. 9, 10, 12, 13 in algebraical formulae. 

5. Deduce Props. 9 and 10 from Props. 4 and 7; a- 

6. In Prop. 11 show that the rectangle contained hy 
the sum and difference of the parte is equal to the- rect- 
angle contained by the parts. 

LII. : v.,.. 






1. State and prove geometrically that • ., 

a(6-c)+o(<?-a) + c(a-&)=0. 

2. In a right-angled triangle i£ a perpendicular., &q 
drawn from the right angle to the hypothenuse, the 
square on either of the two sides containing the right 
angle is equal to the rectangle contained by the hypoUie- 
nuse and the segment of it adjacent to that side. 

3. The square on the difference of two lines is less 
than the sum of the squares on those lines by twice the 
rectangle contained by them. j 

4. The sum of the squares of the distances of a poitit 
D from two given points A and B is constant. Pwwe 
that the locus of D is a circle whose centre is the mid<- 
point of the line joining A and B. * .-. 

5. State Prop. 11 as a quadratic equation. Solve "it 
and explain the two solutions. ! ; « 

6. In any triangle the sum of the squares on two sNdes 
is equal to twice the square on half the third side! 'to- 
gether with twice the square on the median which 
bisects the third side. 



• I 
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Instate and prove geometrically that (a+6+c) 2 = 
a*+,b 2 + d i +2ab+SLac+2bc. 

2. Of all rectangles of the same perimeter the square 
ha* the greatest area. 

&j Prove Prop. 8 by means of Props. 4 and 7. 

4. Show how to divide a given straight line into two 
parts so that the difference of the squares on the parts 
may be equal to a given square. 

5. If a line AB be divided in C so that the rectangle 
AB, BO is equal to the square on AG, prove that the 
sum of the squares on AB and BC is equal to three 
tiines the square on AC. 

& Three times the sum of the squares of the sides of 
a triangle is equal to four times the sum of the squares 
of its three medians. 



>'> I 



i 

LIV. 



1. In any quadrilateral figure the squares on the 
diagonals are together equal to twice the sum of the 
squares on the straight lines joining the middle points 
Of adjacent sides. 

2. If a line AB is divided equally at C and unequally 
at J), prove that the difference of the squares on AD, 
DB is equal to twice the rectangle AB, CD. 

. ,i3r The line AB is divided into any two parts at C, 
ai|d. produced to D, making BD equal to BC. Show 
tlftft four rectangles, each equal to the rectangle AB, 
BC can be cut from the square on AD, one rectangle 
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being taken at each of its cornel's, so as to leave a 
square equal to the square of AC. 

4. Show how to produce a given straight line so that 
the rectangle contained by the whole line thus produced 
and the part produced may be equal to the square of the 
original line. 

5. If a line AB be divided at C so that the rectangle 
AB, BC is equal to the square of AC, prove that 
(AC+BC)*«5AC*. 

6. The sum of the squares of the four sides of a 
quadrilateral figure is equal to the sum of the squares 
of its diagonals plus four times the square of the line 
joining the middle points of the diagonals. 
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PROPOSITIONS IN EUCLID 
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Riders. 
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ENUNCIATIONS OP THE PROPOSITIONS 

IN EUCLID. 

BOOK L 

1. To describe an equilateral triangle on a given 
finite straight line. 

2. From a given point to draw a straight line equal 
to a given straight line. 

3. From the greater of two given straight lines to 
cot off a part equal to the less. 

4. If two triangles have two sides of the one equal 
to- two sides of the other, each to each, and have also 
the angles contained by those sides equal to one 
another, they shall also have their bases or third sides 
equal ; and the two triangles shall be equal, and their 
other angles shall be equal, each to each, namely those 
tq which the equal sides are opposite. 

r 

- 5. The angles at the base of an isosceles triangle are 
equal to one another, and, if the equal sides be pro- 
duced, the angles on the other side of the base shall be 
equal to one another. 

6. If two angles of a triangle be equal, the sides also 
which subtend, or are opposite to the equal angles, 
shall be equal to one another. 

7. On the same base and on the same side of it there 
cannot be two triangles having their sides, which are 
terminated in one extremity of the base, equal to one 
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another, and likewise those which are terminated at 
the other extremity, equal to one another. 

& If two triangles have two sides of the one equal 
to two sides of the other, each to each, and have 
likewise their bases equal, the angle which is contained 
by the two sides of the one shall be equal to the angle 
which is contained by the two sides, equal to them, of 
the other. 

9. To bisect a given rectilineal angle — that is, to 
divide it into two equal parts. 

10. To bisect a given finite straight line — that is, to 
divide it into two equal parts. 

11. To draw a straight line at right angles to a given 
straight line from a given point in the same. 

12. To draw a straight line perpendicular to a given 
straight line of unlimited length from a given point 
without it. 

13. The angles which one straight line makes with 
another straight line on one side of it are either two 
right angles or are together equal to two right angles. 

14. If at a point in a straight line two other straight 
lines on opposite sides of it make the adjacent angles 
together equal to two right angles, these two straight 
lines shall be in one and the same straight line. 

15. If two straight lines cut one another, the vertical 
or opposite angles are equal. 

16. If one side of a triangle be produced, the exterior 
angle shall be greater than either of the interior and 
opposite angles. 
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17. Any two angles of a triangle are together less 
than two right angles. 

18. The greater side of every triangle has the greater 
»ngle opposite to it. 

19. The greater angle of every triangle is subtended 
by the greater side or has the greater side opposite it. 

20. Any two sides of a triangle are together greater 
than the third side. 

21. If from the ends of the side of a triangle there 
be drawn two straight lines to a point within the tri- 
angle, these shall be less than the other two sides of 
the triangle, but shall contain a greater angle. 

22. To make a triangle of which the sides shall be 
equal to three given straight lines, any two of which 
are together greater than the third. 

23. At a given point in a given straight line to make 
an angle equal to a given rectilineal angle. 

24 If two triangles have two sides of the one equal 
to two sides of the other, each to each, but the angle 
contained by the two sides of one of them greater than 
the angle contained by the two sides equal to them of 
the other, the base of that which has the greater angle 
shall be greater than the base of the other. 

26. If two triangles have two sides of the one equal 
to two sides of the other, each to each, but the base of 
the one greater than the base of the other, the angle 
contained by the sides of that which has the greater 
base, shall be greater than the angle contained by the 
sides, equal to them, of the other. 
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26; If two triangles have two angles of the oae equal 
to two angles of the other, each to each, and one side 
equal to one side, namely, either the sides adjacent tot 
the equal angles or sides which are opposite to equal 
angles in each, then shall the other sides be equal, each 
to each, and also the third angle of the one equal to tiie 
third angle of the other. -, 

27. If a straight line falling on two other straight} 
lines makes the alternate angles equal to one another, 
the two straight lines shall be parallel. 

28. If a straight line falling on two other straight 
lines makes the exterior angle equal to the interior and 
opposite angle on the same side of the line, or makes the 
interior angles on the same side together equal to $wo 
right angles, the two straight lines shall be parallel 

29. If a straight line fall on two parallel straight 
lines, it shall make the alternate angles equal, and the 
exterior angle equal to the interior and opposite angle 
on the same side ; and also the two interior angles on 
the same side together equal to two right angles. 

30. Straight lines which are parallel to the same 
straight line are parallel to one another. 

31. To draw a straight line through a given point 
parallel to a given straight line. ' ' ' 

32. If a side of any triangle be produced, the exterior 
angle is equal to the two interior and opposite angles, 
and the three interior angles of every triangle are 
together equal to two right angles. " : 

33. The straight lines which join the extremities of 
two equal and parallel straight lines towards the same 
parts are themselves equal and parallel. 
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• 84. The opposite sides and angles of a parallelogram 
am equal to one another, and the diameter bisects the 
parallelogram, i.e. divides it into two equal parts. 

35. Parallelograms on the same base and between the 
same parallels are equal to one another. 

36. Parallelograms on equal bases and between the 
sanie parallels are equal to one another. 

37. Triangles on the same base and between the 
same parallels are equal to one another. 

» 

, 38. Triangles on equal bases and between the same 
parallels are equal to one another. 

'39. Equal triangles on the same base and on the same 
side of it are between the same parallels. 

40. Equal triangles on equal bases in the same 
straight line and on the same side of it are between 
the same parallels. 

• 

41. If a parallelogram and a triangle be on the same 
base and between the same parallels, the parallelogram 
shall be double of the triangle. 

42. To describe a parallelogram that shall be equal 
to a given triangle, and have one of its angles equal to 
a given rectilineal angle. 

43. The complements of the parallelograms which are 
about the diameter of any parallelogram are equal to 
one another. 

... 44 To a given straight line to apply a parallelogram 
which shall be equal to a given triangle, and have one 
of its angles equal to a given rectilineal angle. 
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45. To describe a parallelogram equal to a given recti- 
lineal figure, and having an angle equal to a given 
rectilineal angle. 

46. To describe a square on a given straight line. 

47. In any right-angled triangle, the square which is 
described on the side subtending the right angle is 
equal to the squares described on the sides containing 
the right angle. 

48. If the square described on one of the sides of a 
triangle be equal to the squares described on the other 
two sides, the angle contained by these two sides is a 
right angle. 

BOOK IL 

1. If there be two straight lines, one of which is 
divided into any number of parts, the rectangle con- 
tained by the two straight lines is equal to the rect- 
angles contained by the undivided line and the several 
parts of the divided line. 

2. If a straight line be divided into any two parts, 
the rectangles contained by the whole and each of the 
parts are together equal to the square on the whole 
line. 

3. If a straight line be divided into any two parts, 
the rectangle contained by the whole and one of the 
parts is equal to the rectangle contained by the two 
parts, together with the square on the aforesaid part. 

4. If a straight line be divided into any two parts, 
the square on the whole line is equal to the squares on 
the two parts, together with twice the rectangle con- 
tained by the two parts. 
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5i If a straight line be divided into two equal parts, 
and also into two unequal parts, the rectangle contained 
by the unequal parts, together with the square on the 
line between the points of section, is equal to the square 
on half the line. 

! 

6. If a straight line be bisected and produced to any 
point, the rectangle contained by the whole line thus 
produced and the part produced, together with the 
square on half the line bisected, is equal to the square 
on the straight line which is made up of the half and 
the part produced. 

7. If a straight line be divided into any two parts, the 
squares on the whole line and on one of the parts are 
equal to twice the rectangle contained by the whole 
and that part, together with the square on the other 
part. 

8i If a straight line be divided into any two parts, 
foot times the rectangle contained by the whole line 
and one of the parts, together with the square on the 
other part, is equal to the square on the straight line 
wjhich is made up of the whole and that part. 

k If a straight line be divided into two equal and 
into two unequal parts, the squares on the two unequal 
parts are together double of the square on half the line, 
aad> of the square on the line between the points of 
section. 

10. If a straight line be bisected and produced to any 
point the squares on the whole line thus produced and 
the part produced are together double of the square on 
half the line and of the square on the line made up of 
the half and the part produced. 
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11. To divide a given straight line into two parts, 
so that the rectangle contained by the whole and one 
part shall be equal to the square on the other. 

12. In obtuse-angled triangles, if a perpendicular be 
drawn from either of the acute angles to the opposite 
side produced, the square on the side subtending the 
obtuse angle is greater than the squares on the sides 
containing the obtuse angle by twice the rectangle con- 
tained by the side on which, when produced, the per- 
pendicular falls and the straight line intercepted 
without the triangle between the perpendicular and 
the obtuse angle. 

13. In every triangle the square on the side sub- 
tending an acute angle is less than the squares on the 
sides containing that angle by twice the rectangle con- 
tained by either of these sides and the straight line 
intercepted between the perpendicular let fall on it 
from the opposite angle and the acute angle. 

14. To describe a square that shall be equal to a 
given rectilineal figure. 
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EXAMINATION PAPERS IN EUCLID. 

I. 

College of Preceptors, Midsummer 1890. 
Third Class. 

1. What meaning do you give to the terms base, 
radius, parallelogram ? 

Write out one Postulate and two Axioms. 

2. Euclid I. 2. 

Suppose A were on the circumference of the 
smaller circle used in the construction, where would 
the vertex of the equilateral triangle fall ? 

3. Euclid I. 5. 

Show that the straight line which bisects the ver- 
tical angle of an isosceles triangle also bisects the base. 

4. Euclid I. 12. 

5. Any two angles of an isosceles triangle are to- 
gether less than two right angles. 

6. Euclid I. 19. 

7. Either ', Euclid I. 25. 

Or, If two straight lines cut one another, and if 
two of the adjacent angles be bisected, the bisecting 
lines shall be at right angles to one another. 

II. 

College of Preceptors, Christmas 1890. 
Third Class. 
1. Define a straight line, & plane rectilineal angle, and 
an equilateral triangle. 
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2. Euclid L 1. 

3. Euclid I. 6. 

4. Euclid I. 9. 

If D and E are points on AB and AC equidistant 
from A, show that the bisector of the angle bisects DE 
and is at right angles to it. 

5. Euclid I. 13. i 
Two straight lines AC, AD are drawn from A in 

the line BAE, on one side of it ; then the angles BAC, 
CAD, DAE together equal two right angles. 

6. Euclid I. 18. 

7. Either, Euclid I. 22. 

Show how the construction would fail if two of the 
lines were not together greater than the third. [Illus- 
trate your answer by a figure.] 

Or, Euclid I. 26, Case 1. 

III. 

College of Preceptors, Midsummer 1890. 

Second Class. 

1. Define a point and a straight line. 

Euclid I. 2. How would you proceed further to 
draw a second equal straight line from the given point 
in a given direction ? 

If the given point lies on the smaller of the two 
circles (in Euclid's construction), show that the vertex 
of the equilateral triangle employed lies also on this 
circle. 

2. Define a triangle, and classify triangles according 
to the equality or inequality of their sides. 

Prove in any way Euclid I. 8. 
Hence show that, if the opposite sides of a quadri- 
lateral are equal, the opposite angles are equal. 
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3. When is a straight Hue said to be at right angles to 
a given straight line ? 

Euclid I. 12. 

4. What is meant by "the exterior angle of a triangle 
formed by producing a side of the triangle " ? How 
many such angles are there in a triangle ? 

Euclid I. 16. Is an exterior angle of a triangle 
greater or less than the adjacent interior angle f 

5. Can we form a triangle with any three given 
lengths? Enunciate the Proposition on which you 
ground your answer. 

The sum of the sides of a convex four-sided figure 
is greater than the sum of its two diagonals. Prove 
this. 

6. Euclid I. 26, Case 1. 

7. Euclid I. 38. What is meant by eqwal in the 
enunciation ? 

ABCD is a square ; BC, CD are bisected in E, F, 
respectively ; and AE, EF, AF are drawn. Prove that 
AAEF is three-eighths of the square. 

8. Euclid I. 42. 

9. ABC is a right-angled triangle, A the right angle ; 
squares BDEC, ABFG are described externally on BC, 
BA respectively; and AL is drawn perpendicular to 
DE to meet it in L. Prove that the rectangle BL 
equals the square AF. Prove also that AD is per- 
pendicular to FC. 

10. (i.) ABC is an equilateral triangle; on BC is 
described the square BDEC, and on DE the equilateral 
triangle DEF. Prove that EP is parallel to AB. 

Or, (ii.) Bisect a parallelogram by a straight line 
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drawn through a given point in the plane of the 
parallelogram. 

IV. 

College of Preceptors, Christmas 1890. 

Second Class. 

1. Define line, obtuse angle, rhombus. 

Name as many different kinds of triangles as you 
can, with a picture of each. 

2. Show how, with a plain ruler and a pair of 
compasses, you can produce a straight line, so as to be 
three times its original length. 

3. PQ is a straight line, and R a point. From R 
draw a straight line equal to PQ. 

Write out the Postulates and Axioms used in the 
construction. 

4. Either, Euclid I. 8. 

How many parts, at least, of one triangle must.be 
equal to the corresponding parts of another triangle, so 
that the triangles may be equal in every respect ? 
Draw figures to illustrate your answer. 

Or, Euclid I. 13. 

If one of the four angles which two intersecting 
straight lines make with one another, be a right angle, 
all the others are right angles. 

5. Euclid I. 19. 

Prove that the hypothenuse of a right-angled tri- 
angle is greater than either of the other sides. 

6. Define parallel straight lines. Write down any 
Axiom you have learned bearing on the doctrine of 
parallels. 

Prove Euclid I. 27 (after the method of super- 
position by preference). 
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Two straight lines perpendicular to the same 
straight line are parallel 

7. Euclid I. 39. 

The sides AB, AC of a triangle ABC are bisected 
at the points E and F. Prove that EF is parallel to 
BC. Thence show that if a perpendicular is drawn from 
A to the opposite side meeting it at D, the angle FDE 
is equal to the angle BAC. Also show that the figure 
AFDE is equal to half the triangle ABC. 

8. On the base of an equilateral triangle, construct an 
oblong (or rectangle) equal in area to the triangle. 

V. 

College of Preceptors, Midsummer 1890. 
First Class. 

1. Define line, superficies, polygon, proposition, hypo- 
thesis. 

Euclid I. 5. 

Prove that a triangle is isosceles, if the bisector of 
any angle is perpendicular to the opposite side. 

2. Euclid I. 14. 

3. Euclid I. 21, Part I. 

The four sides of any quadrilateral figure are to- 
gether greater than the two diagonals together. 

4. Show that any angle of a triangle is obtuse, right, 
or acute, according as it is greater than, equal to, or less 
than the other two angles of the triangle taken together. 
Construct an isosceles triangle which shall have the ver- 
tical angle four times each of the angles at the base. 

5. Euclid II. 6. 

(Questions 6, 7, 8, 9 and 10 were set on Books III. 
andlV.) 
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VI. 

College of Preceptors, Christmas 1890. 
First Class. 

1. Euclid I. 6. 

2. Euclid I. 20. 

ABCD is a square : for what position of a point X 
is the sum of the straight lines XA, XB, XC and XD 
the least possible ? Prove your answer. 

3. Euclid I. 32. 

The angle contained by one side of a regular poly- 
gon and an adjacent side produced is equal to half an 
angle at the base of an isosceles right-angled triangle. 
How many sides has the polygon ? Explain how you 
get your result. 

4. Euclid I. 48. 

5. Euclid II. 5. 

Enunciate this Proposition as one about (i.) the 
rectangle contained by two lines, (ii.) the rectangle 
contained by the sum and difference of two lines. 

6. Divide a straight line AB at the point C, so that 
the rectangle contained by AB, BC may be equal to the 
square on AC. 

Produce AB to D, making BD equal to BC ; than 
the square on AD is equal to five times the square on 
AC. 
(Questions 7, 8, and 9 were set on Books III. and IV.) 

VII. 

Oxford Local Examinations, July 1889. 
Junior Candidates. 

1. Define a circle, an obtuse-angled triangle, parallel 
straight lines. 
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2. Euclid I. 10. 

In the figure of Euclid I., Prop. 1, if the two 
points in which the circles meet be joined, the given 
finite straight line will be bisected. 

3. Euclid I. 36. 

4. Show that if a quadrilateral be bisected by both 
its diagonals it is a parallelogram. 

5. Euclid L 48. 

6. Euclid II. 6. 

7. Prove that if ABC be a triangle, obtuse-angled At 
B, and D be the foot of the perpendicular from C on 
AB produced, the square on AC exceeds the squares on 
AB, BC, by twice the rectangle AB, BD. 

(Questions 8, 9, 10, 11 and 12 were set on Books III., 
IV. and VI.) 

VIII. 
Cambridge Local Examinations, December 1890. 

Jtmior Students, 

Elementary Euclid, Books /., II. 

1. Define a, plane superficies, a plane rectilineal angle, 
and & right-angled triangle. 

Give Euclid's Axiom relating to right angles. 

2. Euclid I. 5. 

If on a common base and on opposite sides of it 
be described two isosceles triangles, the straight line 
joining their vertices will cut the base at right angles. 

3. Euclid I. 34. 

The diagonals AC, BD of a quadrilateral A BCD 
intersect in O, and the parallelograms OAEB, OBFC, 
OCGD, ODHA are completed : prove that EFGH will 
be a parallelogram, and will be double of the quadri- 
lateral ABCD. 
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4. Euclid I. 37. 

Through A, B, C are drawn three parallel straight 
lines to meet the opposite sides of the triangle ABC 
(produced if necessary) in A', B', C: prove that the 
triangle A'B'C will be double the triangle ABC. 

5. Euclid I. 48. 

6. Euclid II 5. 

7. Euclid II. 11. 

Produce a given straight line to a point, such that 
the rectangle contained by the whole line thus pro- 
duced and the part produced may be equal to the 
square on the given straight line. 

IX. 
Cambridge Local Examinations, December 1890. 

Senior Student*. 

1. Euclid I. 32. 

ABC is any acute angle, AB is bisected in D, and 
at K in BC the angle DKB is made equal to the angle 
DBK ; if AK be drawn, prove that it is perpendicular 
toBC. 

2. Euclid I. 34. 

ABCD is a parallelogram, BOD one of its 
diagonals, and EOG, FOH are drawn parallel to 
BC, CD respectively, so that E, F, G, H lie, corre- 
spondingly, on the sides AB, BC, CD, DA. If DF, 
BH be drawn intersecting EG in K, L respectively, 
prove that OK is equal to OL. 

3. Euclid II. 14. 

A straight line AB is produced both ways to C 
and D, so that BD is twice AC : show how to find the 
points C and D when the rectangle CA, AD is equal to 
the square on AB. 
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(Questions 4, 5, 6 and 7 were set on Books III., IV., 
VI. and XL) 

X. 

Oxford and Cambridge School Examinations, 1890. 
For Commercial Certificates. 

1. If two triangles have three sides of the one equal 
to three sides of the other each to each, the triangles 
are equal to one another in every respect. 

Prove that the diagonals of a rhombus bisect one 
another, and cut one another at right angles. 

2. Euclid I. 22. 

Show how the construction would fail if two of the 
straight lines were together not greater than the 
third. 

a Euclid I. 32. 

Show that each angle of a regular polygon with 
fifteen sides is twenty-six fifteenths of a right angle. 

4. Euclid I. 46. 

5. Euclid II. 11. 
7. Euclid II. 13. 

(Questions 6 and 8 were set on Book IIL) 

XL 

Oxford and Cambridge School Examinations, 1890. 
For Lower Certificates. 

1. Define a parallelogram, a, plane, a circle. 
Euclid I. 7. 

ACB, ADB are two triangles on the same side of 
AB, such that AC is equal to BD and AD is equal to 
BC, and AD and BC intersect in R ; prove that the 
triangles ARC and BRD are equal in all respects. 

2. Euclid I. 16. 
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3. Euclid I. 33. 

If two sides of a quadrilateral be parallel and un- 
equal and the other two sides be equal, the diagonals 
are equal 

4. Euclid I. 43. 

5. Euclid II. 4. 

6. Euclid II. 14. 

Divide a given line into two parts so that the 
rectangle contained by the parts shall be equal to a 
given square. When is this impossible ? 

(Questions 7, 8, 9 and 10 were set on Books III., 
IV. and VI.) 

XII. 

Oxford and Cambridge School Examinations, 1890. 

For Higher Certificates. 

1. Euclid I. 10. 

Prove that the two straight lines which join the 
middle points of the sides of an isosceles triangle to the 
middle point of the base are equal to one another. 

2. Euclid I. 29. 

The side BC of a triangle ABC is produced to D. 
Show that the straight lines which bisect the angles 
BAG, ACD cannot be parallel. 

3. Euclid I. 47. 

Prove that if the diagonals of a quadrilateral are 
at right angles the squares on two opposite sides are 
together equal to the squares on the other two sides. 

4. Euclid H. 11. 

Prove that if a straight line be divided as above 
the rectangle contained by the two parts is equal to the 
difference of the squares on the two parts. 
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5. Define & plane superficies, a circle, a rectilineal figure. 
Show that the distance between the centres of two 

circles whose circumferences cut one another is less than 
the sum, and greater than the difference of their radii. 
Prove that a quadrilateral cannot have all its 
angles obtuse. 

6. Euclid L 24 

7. Euclid L 36. 

8. Euclid II. 5. 

XIII. 
Admission to the R. M. Academy, Woolwich, June 1890. 

1. Euclid I. 12. 

2. Euclid I. 32. 

Draw a straight line DE parallel to the base BC 
of a triangle to cut the side AB in D and AC in E, so 
that DE may be equal to BD and CE together. 

3. D is a point in the side AB of a triangle. Find a 
point E in the side BC such that the triangles EAD, 
CAE may be equal. 

4 Euclid I. 47. 

Make a square which is three times the square on 
a given straight line. 

5. Euclid II. 11. 

6. Give a geometrical proof of the algebraic formula: — 

(a + bf + (a - bf = 2(a 2 + &*). 
(Questions 7, 8, 9, 10, 11 and 12 were set on Books 
III., IV. and VI.) 

XIV. 

Admission to the R. M. A cademy, Woolwich, 

November 1890. 

1. Euclid I. 5. 

2. EucKd I. 27. 
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3. Define a rhombus ; and show that a rhombus is a 
parallelogram, and that its diagonals are at right angles. 

4. Euclid II. 4. 

Show that the area of any rectangle AHGC is half 
the area of the rectangle contained by the diagonals of 
the squares described on two adjacent sides of AHGC. 

5. Euclid II. 12. 

If squares ABDE, ACFG be described outwards on 
the sides AB, AC of a triangle ABC ; show that the 
sum of the squares on EG and BC is double of the sum 
of the squares on AB and AC. 

(Questions 6, 7, 8, 9, 10, 11 and 12 were set on Books 
III., IV. and VI.) 

XV. 

London University Matriculation Examination, 

June 1890. 

1. Euclid I. 16. 

2. Euclid I. 35. 

3. Euclid II. 9. 

4. If O be any point on the base AC of the isosceles 
triangle ABC, prove that the rectangle contained by 
AO and OC is equal to the difference of the squares on 
AB and OB. 

5. If CD be any chord of a circle, P any point on a 
diameter parallel to CD, and Q the point on the circle 
which is farthest away from the chord CD, prove that 
the square on PC and the square on PD are together 
double the square on PQ. 

(Questions 6, 7, 8, 9 and 10 were set on Books III. 
and IV.) 
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XVI. 

London University Matriculation Examination, 

January 1891. 

1. Prove that the diagonals of a parallelogram bisect 
each other. 

2. Squares are described on the three sides of a 
right-angled triangle ; divide the square on the hypo- 
thenuse into two rectangles which shall be respectively 
equal to the squares on the other sides. (Give the 
proof.) 

3. Euclid 1.22. When is the construction impossible? 
Show that if the square on one of the lines exceeds 

the sum of the squares on the other two, the triangle 
will have an obtuse angle. 

4 Construct a square which shall be equal to a given 
triangle. 

5. Prove that the sum of the squares on the sides of 
a parallelogram is equal to the sum of the squares on 
its diagonals. 

(Questions 6, 7, 8, 9 and 10 were set on Books III. 
and IV.) 
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Same, with Answers. 18mo. 2s. Answers, 6d. KEY. 18mo. 4s. 6d. 

THE METRIC SYSTEM OF ARITHMETIC, ITS PRINCIPLES AND 

APPLICATIONS, with Numerous Examples. 18mo. 8d. 

A CHART OF THE METRIC SYSTEM, on a Sheet, 42 in. by 84 in. on 

Boiler. 8s. 6d. Also a Small Chart on a Card. Price Id. 

MACMILLAN AND CO., LONDON. 
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BULBS AND EXAMPLES IN ALGEBRA. By Rev. T. Dalton, Assistant 
Master at Eton. Part I. 18mo, 2s. KhT. Crown 8vo. 7s. 6d 
Fart II. 18mo. 2s. 6d. 

ALGEBRAICAL EXERCISES. Progressively Arranged. By Rev. C. A. 
Jonbs and C. H. Chetok, M.A., Late Mathematical Masters at West- 
minster School. 18mo. 2s. 6d. 

KEY. . By Rev. W. Failvs, M.A., Mathematical Master at Westminster 
School. Crown 8vo. 7s. 6<L 

ARITHMETIC AND ALGEBRA, in their Principles and Application ; 
with numerous systematically arranged Examples taken from the 
Cambridge Examination Papers, with especial reference to the Ordi- 
nary Examination for the B.A. Degree. By Rev. Barnard Smith, 
M.A. New Edition, carefully revised. Crown 8vo. 10s. 6d. 

Works by H. S. HALL, M.A., Master of the Military and Engineering 
Side, Clifton College, and S. R. KNIGHT, B.A. 

ELEMENTARY ALGEBRA FOR SCHOOLS. Sixth Edition, revised 
and corrected. Globe 8vo, bound in maroon coloured cloth, Ss. 6d. ; 
with Answers, bound in green coloured cloth, 4s. 6d. KEY. 8s. Ad. 

ALGEBRAICAL EXERCISES AND EXAMINATION PAFER8. To 
accompany ELEMENTARY ALGEBRA. Second edition, revised. 
Globe 8vo. 2s. 6d. 

HIGHER ALGEBRA. Third edition. Crown 8vo. 7s. 6d. KEY. 
Crown 8vo. 10s. 6d. 

GEOMETRICAL DRAWING. 

CONSTRUCTIVE GEOMETRY OF PLANE CURVES. By T. H. 
Eagles, M.A., Instructor in Geometrical Drawing and Lecturer in 
Architecture at the Royal Indian Engineering College, Cooper's HDL 
Crown 8vo. 12s. 

NOT EBOO K ON PRACTICAL SOLID OR DESCRIPTIVE GEO- 
METRY. Containing Problems with help for Solutions. By J. H. 
Edgar and G. 8. Pritchard. Fourth edition, revised by A. Mkkze. 

Globe 8vo. 4s. 6d. 

A GEOMETRICAL NOTEBOOK Containing Easy Problems in Geo- 
metrical Drawing preparatory to the study of Geometry. For thxr 
Use of Schools. By F. E. Kitohenbr, M.A., Headmaster of the New- 
castle-under-Lyme High SchooL 4to. 2s. 

ELEMENTS OF DESCRIPTIVE GEOMETRY. By J. B. Millab, Civil 
Engineer, Lecturer on Engineering in the victoria University, 
Manchester. Second edition. Crown 8vo. 6s. 

PRACTICAL PLANE AND DESCRIPTIVE GEOMTERY. By E. C. 

Plant. Globe 8vo. [In preparation. 

MENSURATION. 

ELEMENTARY MENSURATION. With Exercises on the Mensuration 
of Plane and Solid Figures. By F. H. Stevens, M.A. Globe 8vo. 

[In preparah&H. 

ELEMENTARY MENSURATION FOR SCHOOLS. By S. Tnav. » 
Extra fcap. 8vo. 8s. 6d. 

MACMILLAN AND CO., LONDON. 
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STANDARD BOOKS IN GEOMETRY. 

GEOMETRICAL EXERCISES FOR BEGINNERS. By Samuel Con- 
stable. Crown 8vo. 8a. 6d. 

EUCLIDIAN GEOMETRY. By Frahcis Cuthbsktson, M.A., LL.D. 
Extra f cap. 8vo. 4s. 6cL 

A TEXT-BOOK OF EUCLID'S ELEMENTS. Including Alternative 
Proofs, together with Additional Theorems and Exercises, classified 
and arranged. By H. 8. Hall, M. A., and F. H. Stevens, M. A. , Masters 
of the Military and Engineering Side, Clifton College. Globe 8vo. 
Book I., Is.; Books I. and II., Is. 6d., Books I.— IV., 8s.; Books V., 
VI., and XI., 2s. 6d.; Books I.— VI. and XI., 4s. 6d.; Book XI., Is. 

[KEY. In preparation. 

THE ETiEM KNTB OF GEOMETRY. By G. B. Halbted, Professor of 
Pure and Applied Mathematics in the University of Texas. 8vo. 12s. 6d. 

EUCLID FOR BEGINNERS. Being an Introduction to existing Text- 
Books. By Rev. J. B. Lock, M.A. [In preparation, 

THE PROGRESSIVE EUCLID. With Notes, Exercises, and Deductions. 
Edited by A. T. Richardson, M. A., Senior Mathematical Master at 
the Isle of Wight College. Books I. and II. Illustrated. Globe 8 vo. 

[In the Prett. 

SYLLABUS OF PLANE GEOMETRY (corresponding to Euclid, Books 
I.— VL>— Prepared by the Association for the Improvement of Geo- 
metrical Teaching. Crown 8vo. Is. 

SYLLABUS OF MODERN PLANE GEOMETRY. Prepared by the 
Association for the Improvement of Geometrical Teaching. Crown 
8vo. Sewed. Is. 

THE ELEMENTS OF EUCLID. BvI.Todhuhteb, F.R.S. 18mo. 8s. 6d. 
Books I. and II. Is. KEY. Crown 8vo. 6s. 6d. 



. Works by Rev. J. M. WILSON, M.A., 
Late Headmaster of Clifton College. 

ELEMENTARY GEOMETRY. Books I.— V. Containing the Subjects 
of Euclid's first Six Books. Following the Syllabus of the Geometrical 
Association. Extra f cap. 8vo. 4s. 6a. 

SOLID GEOMETRY AND CONIC SECTIONS. With Appendices on 
Transversals and Harmonic Division. Extra foap. 8vo. 8s. 6d. 

Works by CHARLES L. DODGSON, M.A., 
Student and late Mathematical Lecturer, Christ Church, Oxford. 

£UCLID. 6th Edition, with Words substituted for the Algebraical Sym- 
bols used in the 1st Edition. Books L and II. Crown 8vo. 2s. 

EUCLID AND HIS MODERN RIVALS. 2nd Edition. Crown 8 vo. 6s. 

CURIOS A MATHEMATICAL A New Theory of Parallels. 8rd Edition. 
Part I. Crown 8vo. 2s. 

MACMILLAN AND CO., LONDON. 
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TBIOONOMimtY. 

AN ELEMENTARY TREATISE ON PLANE TRIGONOMETRY. 

With Examples. By R. D. Beaslky, M.A. 9th Edition, revised 
and enlarged. Crown 8vo. 8s. 6d. 

FOUR-FIGURE MATHEMATICAL TABLES. Comprising Log- 
arithmic and Trigonometrical Tables, and Tables of Squares, Square 
Roots, and Reciprocals. By J. T. Bottomley, Lecturer in Natural 
Philosophy in the University of Glasgow. 8vo. 2s. 6<L 

THE ALGEBRA OF CO PLANAR YECTORS AND TRIGONO- 
METRY. By R. B. Hayward, M.A., F.R.S., Assistant Master at 
Harrow. [In preparation. 

A TREATISE ON TRIGONOMETRY. By W. E. Johnson, M.A., 
late Scholar and Assistant Mathematical Lecturer at King's College, 
Cambridge. Crown 8vo. 8s. 6d. 

ELEMENTS OF TRIGONOMETRY. By Rawdon Levett and Charles 
Davison, Assistant Masters at King Edward's School, Birmingham. 

[In the Press. 

A TREATISE ON SPHERICAL TRIGONOMETRY. With applications 
to Spherical Geometry and numerous Examples! By W. J. 
M'Clelland, M.A., Principal of the Incorporated Society's School, 
Santry, Dublin, and T. Preston, M.A. Crown 8vo. 8s. 6d. ; or,— » 
Part I. To the End of Solution of Triangles, 4s. 6d.; Part II., 6e. 

MANUAL OF LOGARITHMS. By G. F. Matthews, B.&. 6vo. 
5s. net. 

TEXTBOOK OF PRACTICAL LOGARITHMS AND TRIGONO- 
METRY. By J. H. Palmer, Headmaster, R.N., H.M.S. Cambridge, 
Devonport. Globe 8vo. 4s. 6d. 

THE ELEMENTS OF PLANE AND SPHERICAL TRIGONOMETRY. 

By J. C. Snowball, 14th Edition. Crown 8vo. 7s. 6d« 

EXAMPLES FOR PRACTICE IN THE USB OF SEVEN-FIGURE 

LOGARITHMS. By Joseph Wolbtsnholmb, D.Sc, late Professor 
of Mathematics in the Royal Engineering College, Cooper's HilL 
8vo. 6s. 

MACMILLAN AND CO., LONDON. 
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MECHANICS: STATICS, DYNAMICS. 

ELEMENTARY APPLIED MECHANICS. By Prof. T. Alexander and 

A. W. Thomson. Part II. Transverse Stress. Crown 8vo. 10s. 6d. 

EXPERIMENTAL MECHANICS. A Course of Lectures delivered at 

the Royal College of Science for Ireland. By Sir B. S. Ball., F.R.S. 

2 nd Edition, Illustrated. Crown 8vo. 
THE ELEMENTS OF DYNAMICS. An Introduction to the Study of 

Motion and Rest in Solid and Fluid Bodies. By W. E. Clifford. 

Part I.— Kinematics. Crown 8vo. Books I.-III., 7s. 6d.; Book IV. 

a nd Ap pendix, 6s. 
APPLIED MECHANICS: An Elementary General Introduction to the 

Theory of Structures and Machines. By J. H. Cotterill, F.R.S., 

Professor of Applied Mechanics iu the Royal Naval College, Green- 
wich. 8vd. 18s. 

LESSONS IN APPLIED MECHANICS. By Prof. J. H. Cotterill 

and J. H. Slade. Fcap. 8vo. 5s. 6d. 
DYNAMICS, SYLLABUS OF ELEMENTARY. Part I. Linear 

Dynamics. With an Appendix on the meanings of the Symbols in 

Physical Equations. Prepared by the Association for the Improve- 

m ent of Geometrical Teaching. 4to. Is. 
HYDROSTATICS. By A. G. Greenhill, Professor of Mathematics to 

the Senior Class of Artillery Officers, Woolwich. Crown 8vo. 

[In preparation. 
ELEMENTARY DYNAMICS OF PARTICLES AND SOLIDS. By 

W. M. Hicks, Principal and Professor of Mathematics and Physics, 

Firth College, Sh effield . Crow n 8vo. 6s. 6d. 
A TREATISE ON THE THEORY OF FRICTION. By John H. 

Jellrtt, B.B., late Provost of Trinity College, Dublin. 8vo. 8s. 6d. 
THE MECHANICS OF MACHINERY. A. B. W. Kennedy, F.R.S. 

Illustrated. Crown 8vo. 12s. 6d. 

KINEMATICS AND DYNAMICS. An Elementary Treatise. By J. G. 

MacGrbgor, D.Sc., Munro Professor of Physics in Dalhousie College, 

Halifax, Nova Scotia. Illustrated. Crown 8vo. 10s. 6d. 
AN ELEMENTARY TREATISE ON MECHANICS. By. S. Parkinson, 

D.D., F.R.S., late Tutor and Protector of St. John's College, 

Cambridge. 6th Edition, revised. Crown 8vo. 9s. 6d. 
LBSSONS ON RIGID DYNAMICS. By Rev. G. Pirie, M.A., Professor 

of Mathematics in the University of Aberdeen. Crown 8vo. 6s. 

Works by JOHN GREAVES, M.A., 
Fellow and Mathematical Lecturer at Christ's College, Cambridge. 

STATICS FOR BEGINNERS. Globe 8 vo. 8s. 6d. 

A TREATISE ON ELEMENTARY STATICS. 2d Ed. Cr. 8vo. 6s. 6d. 

HYDROSTATICS FOR BEGINNERS. By F. W. Sanderson, M.A., 

Assistant Master of Dulwich College. Globe 8vo. 4s. 6d. 
A TREATISE ON DYNAMICS OF A PARTICLE By Professor Tait, 

M.A., andW. J. Stvelk, B.A. 6th Edition, revised. Crown 8 vo. 12s. 

Works by EDWARD JOHN ROUTH, D.Sc, LL.D., F.R.S., 
Hon. Fellow of St. Peter's College, Cambridge. 

A TREATISE ON THE DYNAMICS OF THE SYSTEM OF RIGID 

BODIES. With numerous Examples. Fourth and enlarged Edition. 
Two Vols. 8vo. Vol. I.— Elementary Parts. 14s. VoL II.— The 
Advanced Parts. 14s. 
STABILITY OF A GIVEN STATE OF MOTION, PARTICULARLY 
STEADY MOTION. Adams Prize Essay for 1877. 8vo. 8s. 6d. 

MACMILLAN AND CO., LONDON. 
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PROBLEMS AND QUESTIONS IN 
MATHEMATICS. 

ABMY PRELIMINARY EXAMINATION, 1888-1889, Specimens of 
Papers set at the. With Answers to the Mathematical Questions. 
Subjects: Arithmetic, Algebra, Euclid, Geometrical Drawing, 
Geography, French, English Dictation. Grown 8vo. 8s. 6d, 

CAMBRIDGE SENATE-HOUSE PROBLEMS AND RIDERS, WITH 

SOLUTIONS:— 

1875— PROBLEMS AND RTDERS. By A. G. Greenhill, F.R.S. 
Crown 8vo. 8s. 6d. 

1878— SOLUTIONS OP SENATE-HOUSE PROBLEMS. By the Mathe- 
matical Moderators and Examiners. Edited by J. W. L. Glaisher, 
F.R.S., Fellow of Trinity College, Cambridge. 12s. 

A COLLECTION OF ELEMENTARY TEST-QUESTIONS IN PURE 

AND MIXED MATHEMATICS ; with Answers and Appendices on 
Synthetic Division, and on the Solution of Numerical Equations by 
Horner's Method. By James R. Christie, F.R.S. Crown 8vo. 8s. (ML 

MATHEMATICAL PAPERS. By W. K. Clifford. Edited by R. Tuc- 
ker. With an Introduction by H. J. Stephen Smith, M.A. 3vo. 3Qs. 

SANDHURST MATHEMATICAL PAPERS, for admission into the 
Royal Military College, 1881-1889. Edited by E. J. Brooksmith, 
B.A., Instructor in Mathematics at the Royal Military Academy, 
Woolwich. Crown 8vo. 3s. 6d. 

WOOLWICH MATHEMATICAL PAPERS, for admission into the Royal 
Military Academy, Woolwich, 1880-1888 inclusive. Edited by E. J. 
Brooksmith, B. A. Crown 8vo. 6s. 

WORKS by JOSEPH WOLSTENHOLME, D.Sc., 
Late Professor of Mathematics in the Royal Engineering College, 

Cooper's HilL 

MATHEMATICAL PROBLEMS, on Subjects included in the First and 
Second Divisions of the Schedule of Subjects for the Cambridge 
Mathematical Tripos Examination. New Edition, greatly enlarged. 
8vo. 18s. 

EXAMPLES FOR PRACTICE IN THE USB OF SEVEN-FIGURE LOG- 
ARITHMS. 8vo. 5s. 

WORKS by Rev. JOHN J. MILNE. 

WEEKLY PROBLEM PAPERS. With Notes intended for the use of 
Students preparing for Mathematical Scholarships, and for Junior 
Members of the Universities who are reading for Mathematical 
Honours. Pott 8vo. 4s. 6d. 

SOLUTIONS TO WEEKLY PROBLEM PAPERS. Crown 8vo. 10s. 6d. 

COMPANION TO WEEKLY PROBLEM PAPERS. Crown 8vo. 10s. 6d. 

MACMILLAN AND CO., LONDON. 
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Foolscap 8vo. 

LESSONS IN ELEMENTARY PHYSIOS. By Prof. 
Balfour Stewart, F.B.S. New Edition. 4s. 6d. 
(Questions on, 2s.) 

EXAMPLES IN PHYSICS. By Prof. D. E. Jones, 
B.Sc. 3s. 6d. 

QUESTIONS AND EXAMPLES ON EXPERI- 
MENTAL PHYSICS : Sound, Light, Heat, Electricity, 
and Magnetism. By B. Loewy, F.R.A.S. 2s. 

A GRADUATED COURSE OF NATURAL SCIENCE 

FOR ELEMENTARY AND TECHNICAL SCHOOLS 
AND COLLEGES. Part I. First Year's Course. By 
the same. Globe 8vo. 2s. 

SOUND, ELEMENTARY LESSONS ON. By Dr. W. 

H. Stone. 3s. 6d. 

ELECTRIC LIGHT ARITHMETIC. By B. E. Day, 
M.A. 2s. 

A COLLECTION OF EXAMPLES ON HEAT AND 

ELECTRICITY. By H. H. Turner. 2s. 6d. 

AN ELEMENTARY TREATISE ON STEAM. By 

Prof. J. Perry, C.E. 4s. 6d. 

ELECTRICITY AND MAGNETISM. By Prof. Sil- 
vanus Thompson. 4s. 6d. 

POPULAR ASTRONOMY. By Sir G. B. Airy, K.C.B., 
late Astronomer-Royal. 4s. 6a. 

ELEMENTARY LESSONS ON ASTRONOMY. By 

J. N. Lockyer, F. R.S. New Edition. 5s. 6d. (Ques- 
tions on, Is. 6d.) 

LESSONS IN ELEMENTARY CHEMISTRY. By 

Sir H. Roscoe, F.R.S. 4s. 6d.— Problems adapted to 
the same, by Prof. Thorpe. With Key. 2s. 

OWENS COLLEGE JUNIOR COURSE OF PRACTI- 
CAL CHEMISTRY. By F. Jones. With Preface by 
Sir H. Roscoe, F.R.S. 2s. 6d. 

QUESTIONS ON CHEMISTRY. A Series of Problems 
and Exercises in Inorganic and Organic Chemistry. By 
F. Jones. 3s. 

OWENS COLLEGE COURSE OF PRACTICAL OR- 
GANIC CHEMISTRY. By Julius B. Cohen, Ph.D. 
With Preface by Sir H. Roscoe and Prof. Sohorlemmer. 
2s. 6d. 

MACMILLAN AND CO., LONDON. 
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Fcap. 8vo, Cloth. 

ELEMENTS OP CHEMISTRY. By Prof. Ira Remsen. 
2s. 6d. 

EXPERIMENTAL PROOFS OF CHEMICAL 

THEORY FOR BEGINNERS. By William Ramsay, 
Ph.D. 2a. 6d. 

NUMERICAL TABLES AND CONSTANTS IN 
ELEMENTARY SCIENCE. By Sydney Lupton, M.A. 
2s. 6d. 

PHYSICAL GEOGRAPHY, ELEMENTARY LES- 
SONS IN. By Archibald Geikie, F.R.S. 4a. 6d. 
(Questions on, 1b. 6d.) 

ELEMENTARY LESSONS IN PHYSIOLOGY. By 
T. H. Huxley, F.R.S. 4s. 6d. (Questions on, Is, 6d.) 

LESSONS IN ELEMENTARY ANATOMY. By St. 

G. Mivart, F.R.S. 6s. 6d. 

LESSONS IN ELEMENTARY BOTANY. By t>rof. 
D. Oliver, F.R.S. 4s. 6d. 

DISEASES OF FIELD AND GARDEN CROPS. By 

W. G. Smith. 4s. 6d. 

LESSONS IN LOGIC, INDUCTIVE AND DE- 
DUCTIVE. By W. S. Jevons, LL.D. 3s. 6d. 

POLITICAL ECONOMY FOR BEGINNERS. By 

Mrs. Fawcett. With Questions. 2s. 6<L 

THE ECONOMICS OF INDUSTRY. By Prof. A. 
Marshall and M. P. Marshall. 2s. 6d. 

ELEMENTARY LESSONS IN THE SCIENCE OF 
AGRICULTURAL PRACTICE. By Prof. H. Tanner. 
3s. 6d. 

CLASS-BOOK OF GEOGRAPHY. By 0. B. Clarke, 
. F.R.S. 3s. 6d. ; sewed, 3s. 

SHORT GEOGRAPHY OF THE BRITISH ISLANDS. 

By J. R. Green and Alice S. Green. With Maps. 
3s. 6d. 

MACMILLAN AND CO., LONDON. 
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NATURE SERIES. 

Crown 8vo. 

THE ORIGIN AND METAMORPHOSES OF IN- 
SECTS. By Sib John Lubbock, M.P., F.R.S. With 
Illustrations. 3s. 6d. 

MOB TRANSIT OF VENUS. By Prof. G. Forbes. 
With Illustrations. 3s. 6d. 

POLARISATION OF LIGHT. By W. Spottiswoode, 
LL.D. Illustrated. 3s. 6d. 

ON BRITISH WILD FLOWERS CONSIDERED IN 

RELATION TO INSECTS. By Sir John Lubbock, 
M.P., F.R.S. Illustrated. 4s. 6d. 

FLOWERS, FRUITS, AND LEAVES. By Sir John 
Lubbock. Illustrated. 4s. 6d. 

HOW TO DRAW A STRAIGHT LINE ; A Lecture on 

Linkages. By A. B. Kempe, B.A. Illustrated. Is. 6d 

LIGHT: A Series of Simple, Entertaining, and Useful 
Experiments. By A. M. Mayer and C. Barnard. 
Illustrated. 2s. 6d. 

SOUND : A Series of Simple, Entertaining, and Inez- 

' pensive Experiments. By A. M. Mayer. 3s. 6d. 

SEEING AND THINKING. By Prof. W. K. Clifford, 
F.R.S. Diagrams. 3s. 6d. 

ON THE COLOURS OF FLOWERS. By Grant Allen. 
Illustrated. 3s. 6d. 

THE CHEMISTRY OF THE SECONDARY BAT- 
TERIES OF PLANTE AND FAURE. By J. H. Glad- 
stone and A. Tribe. 2s. 6d. 

A CENTURY OF ELECTRICITY. By T. C. Menden- 

HALL. 48. 6d. 

THE SCIENTIFIC EVIDENCES OF ORGANIC 

EVOLUTION. By George J. Romanes, M.A., LL.D. 
2s. 6d. 

POPULAR LECTURES AND ADDRESSES. By Sir 

Wm. Thomson. In 3 vols. Vol. I. Constitution of 
Matter. Illustrated. 6s. —Vol. II. Navigation. 

THE CHEMISTRY OF PHOTOGRAPHY. By Prof. 
R. Meldola, F.R.S. Illustrated. 6s. 

ARE THE EFFECTS OF USE AND DISUSE IN- 
HERITED? An Examination of the View held by 
Spencer and Darwin. By W. Platt Hall. 3s. 6d. 

MACMILLAN AND CO., LONDON. 
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MACMILLAN'S SCIENCE PRIMERS. 

UNDER THE JOINT EDITORSHIP OF 

PROPS. HUXLEY, ROSCOE, and BALFOUR STEWART. 

18 mo. Cloth. Illustrated. Is. each. 

INTRODUCTORY. By T. H. Huxley, P.R.S. 

CHEMISTRY. By Sir Henry E. Roscoe, F.R.S. With 
Questions. 

PHYSICS. By Prof. B. Stewart, F.R.S. With Questions. 

PHYSICAL GEOGRAPHY. By Archibald Geikie, 
F.R.S. With Questions. 

GEOLOGY. By Archibald Geikie, F.R.S. 

PHYSIOLOGY. By Prof. M. Foster, M.D., F.R.S. 

ASTRONOMY. By J. N. Lockyer, F.R.S. 

BOTANY. By Sir J. D. Hooker, K.C.S.I., F.R.S. 

LOGIC. By W. Stanley Jevons, F.R.S. 

POLITICAL ECONOMY. By W. Stanley Jevons, 
F.R.S. 

*** Otliers to follow. 
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